at the same non-stochastic interest rate, (iv) the cash dividend yield and imputation credit yield of the index over the remaining life of the near futures contract are known in advance, (v) no transaction costs and (vi) no restrictions on short sales.
The objective is to find the value of the basis of an index futures contract at time t, which matures at time T. Let F t,T be the futures price at time t for a contract that matures at time T, S t is the spot index level at time t, r is the continuously compounded risk-free interest rate and D s and IC s are the cash dividends and imputation credits respectively for all the stocks in the index on the ex-dividend date s where t < s ≤ T which are assumed to be known at time t. Within the standard no-arbitrage framework, there are two methods to obtain ownership of a portfolio of index constituent stocks at time T.
Given that both methods require a single net cash flow at time T, the amount of this net cash flow must be the same to rule out the possibility of arbitrage profits.
Method 1 Forward contract:
The investor buys a forward contract on the index at time t. No money changes hands initially, but the price for future delivery is locked in at the time of purchase. This contract does not entitle the investor to the cash dividends or imputation credits flowing from the index between time t and time T. At time T, the contract matures and the investor pays the previously negotiated price F t,T and takes possession of one index replicating portfolio that can be sold for S T at that time. The trading profit is taxed at the rate of τ p , so the net cash flow after tax at time T is Method 2 Physical replication: At time t, the investor borrows S t and uses the proceeds to buy one index replicating portfolio. At time T, the investor can sell the portfolio for S T and pay capital gains tax of (S T -S t )τ p , because capital gains are assumed to be taxed as ordinary income in this instance. Also at time T, the investor must repay the original loan of S t plus interest which amounts to S t (e r(T -t) -1). The interest component on the loan is tax deductible, so the after-tax interest charge is S t (e r(T -t) -1)(1 -τ p ). At time s, the investor receives cash dividends of D s and imputation credits of IC s . The cash dividends are placed in an interest bearing account and are worth D s e r(T -s) at time T.
These dividends and accumulated interest are taxed at τ p so the investor is left with
D s e r(T -s)
(1 -τ p ) after taxes. Let φ be the market value of one dollar of imputation tax credits distributed to the investor. At time T, the investor potentially extracts some value from the imputation credits by receiving φ in value for each one dollar of imputation credits she sells, before the taxes she pays on these sales. Thus, the after-tax value of the imputation credits is φIC s (1 -τ p ). The net after-tax payoff to this strategy at time T is ) 1 ( Since the net payoff from method 1 must equal the net payoff from method 2 to prevent arbitrage, it must be the case that The (1 -τ p ) term cancels out on both sides of this equation, which can be reduced to provide a formula for the value of the basis of a forward contract where the same marginal tax rates apply to interest, dividends and capital gains:
Note that under these circumstances the same marginal tax rate faced by the investor on all forms of income is irrelevant to the value of the basis.
Next it is demonstrated how the differential tax treatment of different forms of income could affect the value of the basis. For example, consider an investor who faces a marginal tax rate of τ p on interest payments, dividend income and income from futures trading and a different marginal tax rate of τ g on capital gains from stocks. 26 In this case, the no-arbitrage analysis is adjusted as follows.
Revised method 1 Forward contract:
The investor buys (1-τ g )/(1-τ p ) forward contracts on the index at time t. At time T, the contracts mature and the investor pays the previously negotiated amount F t,T (1-τ g )/(1-τ p ) and takes possession of (1-τ g )/(1-τ p ) index replicating portfolios that can be sold for S T (1-τ g )/(1-τ p ). The trading profit is still taxed at the rate of τ p , so the revised net cash flow after tax at time T is
Revised method 2 Physical replication: At time t, the investor borrows S t and uses the proceeds to buy one index replicating portfolio. At time T, the investor can sell the portfolio for S T and pay capital gains tax of (S T -S t )τ g . Also at time T, the investor repays the original loan of S t plus interest. (1 -τ p ) and φIC s (1 -τ p ) respectively after taxes. The revised net after-tax payoff to this strategy at time T is
Equating the revised net payoff from method 1 to the revised net payoff from method 2 to prevent arbitrage, the outcome under the alternative tax regime is given by
which can be reduced and rearranged to provide a formula for the value of the basis of a forward contract where different marginal tax rates apply to dividends and capital gains:
In contrast to the earlier analysis, an important feature of this revised formula is that where different marginal tax rates apply to interest payments and dividend income versus capital gains they become relevant to the value of the basis. 27 The common term
(1-τ p )/(1-τ g ) is exactly the same as that derived by Elton and Gruber (1970) representing the ex-dividend equilibrium behaviour that would cause a stockholder with a particular set of tax rates τ p and τ g to be indifferent as to the timing of purchases and sales of common stock before or after the stock goes ex-dividend. The value of dividends vis-à-vis capital gains to marginal stockholders is reflected in the fall in the price of a stock on its ex-dividend day. In the same way, it becomes apparent from the analysis in this section that the relative tax rates on these two types of income are also reflected in the value of the basis for index futures.
The relatively favourable tax treatment of capital gains from stocks may be accentuated by tax timing options. Stockholders have the option to defer capital gains and realise capital losses thereby reducing the present value of the stream of tax payments on gains, which is not available in the futures market. In the futures market, all capital gains and losses must be realised at the end of the year in which they occur by marking to the market. The predicted effect of the tax timing option is to reduce the basis.
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Constantinides (1983) demonstrates that the timing option is a substantial fraction of the bundle of benefits associated with stock ownership, at least for high variance stocks when forced liquidations are infrequent. Cornell and French (1983) provide evidence that the tax option reduces the prices of futures contracts on the S&P 500 index and NYSE composite index relative to the underlying stocks, particularly for longer times to maturity. To the contrary, a later study by Cornell (1985a) concludes that the timing option no longer has a significant impact on the pricing of index futures. Traders could relinquish the option if they do not hold the cash security indefinitely.
In section 3.4, the formula for the basis represented in equation (3.8) is exploited to infer the relative values of the debt tax shield, cash dividends and imputation credits from the pricing of index futures relative to the underlying index.
27 Consistent with the implications drawn by Cornell and French (1983) , an increase in the ordinary income tax rate τ p reduces both the effective financing cost and the dividend flow with the two reductions being partially offsetting. The net effect is that the income tax rate reduces the absolute size of the basis. Conversely, the capital gains tax rate τ g increases the absolute size of the basis. 28 Hence the predicted effect of the tax timing option is in the same direction as the predicted effect of a decrease in the financing cost for the stock adopted for the no-arbitrage analysis in this section.
Institutional setting and data
The he 35 The discrete and seasonal dividend payments of the S&P/ASX 200 index portfolio are taken into account by using the actual ex-post daily dividend inflows for 33 MacKinlay and Ramaswamy (1988) find that S&P 500 futures price changes are slightly negatively autocorrelated at the first lag across fifteen minute time intervals while the underlying index changes are positively autocorrelated, consistent with the presence of stale prices in the available index quotes. However, the autocorrelation disappears as the interval length is increased and becomes close to zero for one hour differencing intervals. 34 Realised dividends are assumed not to differ materially from expected dividends over the relatively short life of the near futures contract (Yadav and Pope, 1994) . 35 Cornell and French (1983) and Harvey and Whaley (1992) show that dividend yields for the NYSE composite index and S&P 100 index respectively are much larger in February, May, August and November than in the other months of the year since many firms issue their quarterly dividends at about the same time. A model that assumes the dividend yield is constant over the full year will overprice the contract across months with relatively high yields.
the basket stocks, which Harvey and Whaley (1992) show reduces pricing errors that occur when constant dividend yields are assumed. 
Franking credits Cash dividends
In calculating the differences between actual and theoretical index futures prices, futures price quotes and index values that are approximately five minutes apart and that are the latest available before the end of each five minute mark are used. The bid-ask midpoint price prevailing at the end of each five minute interval is taken to represent the actual futures price. In the same way, the most recent index value reported to the market before the end of the five minute interval is taken to represent the actual spot market price. These price series are constructed for every five minute interval from 10:00 a.m.
to 4:00 p.m. Sydney time, which is the segment of the trading day when both the futures and cash markets are open simultaneously in continuous auction mode.
Variable measurement
The before-tax cost of borrowing for the financing of the set of shares of the underlying index at the time T that the futures contract expires is calculated as:
where S t is the current stock index level, r is the annualised risk-free interest rate over the period from time t to time T; and T -t is the time to maturity of the contract.
Futures traders do not receive dividends on the underlying stocks that have ex-dates falling prior to contract expiration. In order to estimate the value of these dividends, it is assumed in the same way as Yadav and Pope (1994) 37 This measure overstates the interest that accumulates on cash dividends up to the expiry of the futures contract because it assumes interest is earned between the ex-dividend date and the relevant dividend payment dates. The interval between the ex-date and the payment date averages 29 calendar days for the stocks in the sample. However, Yadav and Pope (1994) show that the difference in estimated futures contract mispricing resulting from the misspecification of this time interval by up to eight weeks is immaterial. Indeed, ignoring the interest on dividends entirely does not substantially change the results for the near contract. 38 The term IndexLevel s /IndexMarketValue s in this expression is the inverse of the index divisor, which is adjusted to account for corporate actions such as stock splits and stock dividends and changes in the index composition.
where IC s is the aggregate imputation credits for the basket stocks in the index and Where the same tax treatment is attributed to interest payments, income from dividends and capital gains, equation (3.4) can be used to provide the theoretical price of a futures contract written over an index with zero dividends, cash dividends and gross dividends (with imputation credits fully valued so φ = 1) respectively:
where f t,T (z) is the current price of the futures contract with zero dividends; f t,T (c) is the current price of the futures contract with cash dividends; f t,T (g) is the current price of the futures contract with gross dividends; and T -t is the time to maturity of the contract.
In the alternative case where different marginal tax rates apply to interest and dividends versus capital gains, equation (3.8) is rewritten to provide the theoretical price of a futures contract with a lower effective financing cost and partially valued cash dividends and imputation credits:
where f t,T (p) is the current price of the futures contract with partially valued carry components; τ 1 is the reduction in the financing cost achieved through the tax deductibility of one dollar of interest on loans, γ 1 is the value of one dollar of accumulated cash dividends, γ 2 is the value of one dollar of franking credits; and T -t is the time to maturity of the contract.
Econometric method and results

Econometric method
In the empirical estimations, the difference between contemporaneous index futures prices and the underlying index values are considered. Initially two forms of 'mispricing' are computed. The first form of mispricing is the absolute basis for the index futures:
where F t is the actual futures price and S t is the current stock index level. Note at this stage that the spot index level S t in equation (3.17) also represents the theoretical futures contract price under the conventional cost-of-carry model assuming zero financing cost and zero dividend yield over the period to the maturity of the futures. The average intraday basis of the near contract is calculated for each day. The change in the basis over the time to contract maturity is shown in figure 3 .2, as the mispricing where the financing cost (1 -τ 1 = 0), cash dividends (γ 1 = 0) and franking credits (γ 2 = 0) are excluded from the theoretical value of the futures. On average, the contract begins the expiry cycle with a positive basis, in which case the 'perfect markets' model derived by Cornell and French (1983) implies that the dividend yield is smaller than the interest rate. By the middle of the expiry cycle, futures prices are typically below the spot price implying that the dividend yield to maturity is larger than the interest rate from this point forward. The latter observation reflects the considerably higher dividend yield of the index during the last six weeks prior to futures maturity.
The second form of mispricing computed is the difference between the market price of the index futures contract and its theoretical price incorporating the full financing cost together with gross dividends:
where f t,T (g) is the theoretical futures price specified in equation (3.15). Equation (3.18)
represents the level of mispricing assuming that the debt tax shield is worthless in reducing the effective interest expense and that both the cash dividends and franking credits are fully valued. The average intraday mispricing of the near contract is calculated for each day and is used in the empirical estimations. the variable Interest t that allows for the value of the debt tax shield, day-of-the-week 39 The theoretically valid restriction (1-τ 1 ) = γ 1 is not imposed on equation (3.19) because the dataset used in this study is sufficiently large to estimate these parameters separately. 40 Cannavan, Finn and Gray (2004) scale their mispricing measure, accumulated cash dividends and imputation credits by the current stock price and focus on 'relative pricing errors' because they collect data for derivatives written over individual stocks that are unweighted to any particular index. In contrast, the dividends analysed in this study are multiplied by the number of shares included in the index calculation and divided by the index divisor. Moreover, it follows from the theoretical analysis in section 3.2 that differential tax treatments impact upon absolute rather than relative amounts in the cost-of-carry model. Therefore it is natural to focus on absolute contract mispricing and absolute cost of carry components in the empirical analysis in this section.
dummy variables are also included to allow comparisons with domestic and overseas studies which identify day of the week effects in the mispricing series.
The generalised method of moments is used to improve the efficiency of the parameter estimation in the presence of heteroskedasticity and autocorrelation in the mispricing.
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The Bartlett kernel with bandwidth parameter l(n) = 7 is used to estimate consistent covariance matrices of the parameter estimates as outlined by Newey and West (1987) .
This bandwidth value corresponds to the smallest lag selection parameter n = [4(T/100) 2/9 ] proposed by Newey and West (1994) , taking into account the degree of first order autocorrelation in the residuals and the size of the sample T (Andrews, 1991).
All t-statistics are adjusted accordingly. is the cost of borrowing for the financing of the set of shares of the underlying index, Cash t is the value of cash dividends paid out by the stocks over the remaining life of the contract, Franking t is the value of franking credits paid out by the stocks over the remaining life of the contract and D i is a day-of-the-week dummy variable. *Denotes significance at the 5% level.
Results
The third column in table 3.2 describes the difference between the market price of the index futures contract and its theoretical price with fully valued cost of carry components, specified in equation (3.18). The regression coefficients in the third column of panel B can be interpreted as follows. If it is assumed that the debt tax shield is worthless in reducing the effective financing cost, the futures contract is 7 cents underpriced for every dollar of financing cost. Again this implies that 93 percent of the financing cost is reflected in futures prices. Although the coefficient on the interest charge is statistically significant which indicates that not all of the charge is priced, the implied debt tax shield is not likely to be economically significant except for longer times to maturity. The significant coefficient against the financing cost in this regression is consistent with the early United States evidence provided by Cornell and French (1983) that the tax timing option offers some value to physical stockholders. 42 If it is assumed that both the cash dividends and franking credits are fully valued, the futures contract is 20 cents overpriced for every dollar of accumulated cash dividends and 48 cents overpriced for every dollar of franking credits. Again this implies the market prices the cash at 80 cents and the franking credits at 52 cents relative to a futures profit of one dollar. The relevant coefficients are both significant, which attests that neither the cash dividends nor the franking credits are fully valued.
To expand upon the interpretation of these results and isolate any day of the week effects, the variation in the basis for the index futures attributed to the market valuations placed on the three carry components is netted out by computing a third form of mispricing. The third form of mispricing is the difference between the market price of the index futures contract and its theoretical price with partially valued carry components:
where f t,T (p) is the theoretical futures price specified in equation ( That is, the incomplete value of the financing cost effectively reduces the contract basis for longer times to maturity in much the same way that is predicted if the tax option is beneficial to the marginal investor. 43 Given that the value of cash dividends and franking credits are based on actual ex-post daily inflows for the S&P/ASX 200 basket stocks, slightly higher residual mispricing for longer times to maturity could simply indicate that dividends were larger than anticipated by the market on average over the sample period.
t-statistics are all zero. All of the variation in mispricing attributed to the carry components has been extracted, leaving a model that highlights day of the week effects alone.
In contrast to Brailsford and Hodgson (1997) 
Robustness tests
Additional regression analysis is reported in this section to provide results that are directly comparable with the gross drop-off ratios, cash drop-off ratios and franking credit drop-off ratios estimated by Beggs and Skeels (2006) To focus on the role played by the gross dividends flowing from the index constituents, a fourth form of mispricing is computed as the difference between the market price of the index futures contract and its theoretical price incorporating the full financing cost and zero dividends:
where f t,T (z) is the theoretical futures price specified in equation ( This time the regression specification concentrates on the gross dividend amount as the key explanatory variable in the same way that Beggs and Skeels (2006: 242, equation 3) perform for the share price drop-off on ex-dividend days:
44 Cornell (1985b) shows that the weekly pattern in the S&P 500 futures basis is primarily due to significantly negative returns in the cash market during the weekend non-trading hours. However, Maberly, Spahr and Herbst (1989) observe negative non-trading returns on Mondays for both S&P 500 futures and the spot index, suggesting that negative news dominates positive news over the weekend. .8) , the value the investor places on the credits is expected to be φ = 1 for Australian taxpaying individuals and fund managers who can fully utilise them while φ < 1 for non-residents who might be able to extract some value but only by incurring costs in the process. Therefore, the regression is respecified to allow for the differential market valuations of the cash dividends and franking credits: In contrast to Cannavan, Finn and Gray (2004) , cash dividends are found to be less than fully valued relative to index futures payoffs. There is also evidence of significant value in the franking credits to the marginal investor. Cannavan, Finn and Gray's finding that the implied value of imputation tax credits was insignificantly different from zero after the introduction of the 45-day minimum holding period is based on a sample of ISFs 
Summary
Taxes are shown to be irrelevant to the value of the basis for index futures (the difference between the futures price and the spot price) when investors face the same marginal tax rate on all forms of income. In this case, the basis simply reflects the cost of borrowing for the financing of the basket stocks in the index, the accumulated cash dividends and the market value of the imputation credits flowing from the index. The actual marginal tax rates become relevant to the value of the basis where different tax rates apply to interest payments and dividend income versus capital gains on stocks. In the same way that the value of dividends vis-à-vis capital gains to marginal stockholders is reflected in the fall in the price of a stock on its ex-dividend day, the analysis in this chapter demonstrates that the relative tax rates on these two types of income are also reflected in the pricing of index futures relative to the underlying index. 
